Summary: The NaOH cell-maceration method was applied to the oral surface of the mouse soft palate to demonstrate the tridimensional architecture of the connective tissue papillae (CTP) of the "palatal papillae", and of the openings of the glandular ducts. The CTP of the palatal papillae extremely differed from those of any types of the lingual papillae, and appeared as elliptical wall. Within the elliptical wall, there existed the semicircular or circular internal ridge which surrounded the round depression corresponding to the taste bud. The openings of the glandular ducts were rimmed by the collagen fibers running concentrically. Many fibrils derived from the concentrical fibers, turned to the sagittal direction and then concentrated into the sagittal fibers in the vicinity of the openings.
It has been pointed out that the architecture of the epithelial papillae is closely related to that of the connective tissue papillae (CTP) which constitute the framework of the epithelial papillae. The CTP contain blood vessels which nourish the epithelium and nerve fibers that are concerned in sensory functions. Furthei more, the CTP are regarded as adaptive structures which enlarge the epithelialconnective tissue interface in order to archive a broader anchorage for the epithelium (Horstmann, 1954; Karring, 1973; Kobayashi et al., 1987) . On the other hand, transplanation experiments have suggested that the features of the epithelium overlying the CTP result from the action of unknown connective tissue inducers (Plagman et al., 1974; Karring et al., 1975 ). As described above, it must be of interest to study the tridimensional architecture of the CTP.
Recently, direct observation of the CTP by SEM, after removal of the epithelial layer, has been developed. Although some investigators treated the unfixed specimens with sodium bromide (Hull and Warfel, 1986; Suzuki and Takeda, 1987) or EDTA (Klein-Szanto and Schroeder, 1977; Toyoshima and Shimamura, 1982) , unfixed specimens are subjected to considerable artifacts. Nagato et al. (1989) applied HCl treatment at 60°C, but it resulted in the destruction of the connective tissue architecture. Kobayashi and his co-workers reported long term HCI treatment at room temperature could successfully remove the epithelial layer from the connective tissue which was then preserved in their actural (Kobayashi et al., 1987 (Kobayashi et al., , 1988 (Kobayashi et al., , 1989a (Kobayashi et al., , 1989b (Kobayashi et al., , 1989c Kobayashi and Iwasaki, 1989; Kobayashi, 1990 ). On the other hand, Ohtani and his co-workers introduced the cell-maceration method with low temperature NaOH solution, and reported that the method was able to romove cellular elements much more effectively and consistently than any other methods (Ohtani, 1987; Ohtani et al., 1988) . However, these investigators have given their attention mainly to the CTP of the lingual papillae.
In this study, the NaOH cell maceration method (Ohtani, 1987 ) was applied to the soft palate in order to demonstrate the tridimensional architecture of the CTP of the "palatal papillae." Furthermore, some interesting findings of the collagen fibrillar framework constituting the openings of the glandular ducts will be reported.
Materials and Methods
20 SMA mice (10 male and 10 female) aged from 6 to 12 months were killed by chloroform anesthesia and their palates were removed. Light microscopy specimens were fixed in Zenker's fluid containing 5% acetic acid, decalcified in 6% nitric acid, dehydrated in a graded ethanol series, and embedded in paraffin. They were serially cut into frontal sections at a thickness of 5 [km and stained with hematoxylin and eosin.
Scanning electron microscopy (SEM) specimens were fixed with 2.5% glutaraldehyde in phosphate buffer for 2 hours and rinsed in distilled water. For studies of the epithelial surface, the specimens were postfixed with 2% osmium tetroxide for 2 hours, immersed in 2% tannic acid for 2 hours, and stained with 2% osmium tetroxide for 1 hour. They were dehydrated in graded ethanol, replaced with isoamyl acetate and dried at critical point with liquid CO2. For studies of the lamina propria, the specimens were processed by the NaOH cell-maceration method by Ohtani (1987) : they were immersed in a 10% NaOH solution for 4 days at room temperature (about 25°C) and rinsed in distilled water until they became transparent. After immersion in 1% tannic acid for 2-3 hours, they were rinsed in distilled water for several hours, postfixed with 2% osmium tetroxide for 1 hour, dehydrated in a graded ethanol, and dried with t-butyl alcohol freeze-drying method (Inoue and Osatake, 1988). All SEM specimens mentioned above were coated with gold and observed under a Jeol-U3 scanning electron microscope.
Results

Light microscopic findings
In the oral surface of the soft palate, slightly bulging epithelial papillae (provisionally denominate the "palatal papillae") are observed . They are distributed in the total length of the soft palate from the caudal end of the hard palate to the free margin of the soft palate. Each of the papillae contains one, occasionally two, taste bud. Depending on the plane of sections, the taste bud is observed to rest on the basement membrane and to possess a taste pore at the epithelial surface. The lamina propria underlying the palatal papillae forms the finger-like connective tissue papillae (CfP) projecting into the both sides of the taste bud (Fig. 1) .
The excretory ducts of the palatal glands run ventrally short distance to open into the oral surface of the soft palate. The lamina propria projects around the opening of the duct (Fig. 2 ).
Scanning electron microscopic findings
After NaOH treatment, the cellular elements as well as the basement membrane are dissolved to reveal the surface of the lamina propria. In the surface of the lamina propria, there are numerous low folds which run sagittally along the long axis of the soft palate. They are interrupted by the ellipticallyshaped connective tissue papillae (CTP) of the palatal papillae and the openings of the glandular ducts (Fig. 3) .
The CTP of the palatal papillae appear as circumferential elliptical wall with their longer axis directed sagittally (Figs. [3] [4] [5] . The longer sagittal axis is 70 -1301,tm, while the shorter frontal one 40-5011,M. Within the circumferential elliptical wall, there is semicircular or circular internal ridge surrounding a round depression about 20-40 [xm in diameter (Fig. 4) . In the large CTP, there exist two depressions surrounded circularly by the internal ridges ( Fig. 5) . At higher magnification, both the elliptical wall and the internal ridge consist of the thick bundles of numerous interwoven collagen fibrils (Fig. 6) . The bottom of the depression surrounded by the internal ridge is covered with an extremely delicate meshwork of collagen fibrils, which come off from the inner surface of the CTP and are arranged in two opposing spirals. The delicate fibrillar meshwork is frequently perforated by many fenestrations of various size (0.6-2.01AM in diameter). The collagen fibrils run circularly along the rims of the fenestrations at their periphery (Fig. 7) .
When the lamina propria in the interpapillary area is observed at higher magnifications, the configuration of the collagen fibrils is different according to the region of location. In the central region of the soft palate, the collagen fibrils do not collect into fibers but form a delicate fibrillar meshwork. There are also many switchback fibrils (Fig. 8) . In the lateral region of the soft palate, on the contrary, the fibrils show some tendency to concentrate into the thicker fibers which run side by side sagittally or obliquely from rostrolateral side to caudomedial side. In between the fibers, there are many collagen fibrils with frequent branchings and anastomoses, which come from a fiber and fuse into the neighboring fiber. They also frequently reverse their course and then enter the adjacent fibers (Fig. 9) .
The openings of the glandular ducts are circular or elliptical in form. The lamina propria surrounding the opening is slightly elevated from the general level to form the crater-like structure (Figs. 3, 10 ). Higher magnifications reveal that the opening was rimmed by thick collagen fibers running concentrically. Many thin fibrils derive from the concentrical fibers, turn to the sagittal direction and then again concentrate into the sagittal fibers which run parallel along the long axis of the soft palate in the vicinity of the opening (Fig. 11, 12) . At the inner edge of the opening, on the other hand, the concentrical fibers change their direction radiately and continue to the fibers descending on the wall of the duct into the depth (Fig. 11) .
Discussion
Connective tissue papilla of palatal papilla It has been reported that the epithelial papillae containing taste buds (provisionally denominated the "palatal papillae" in this study) are observed in the oral surface of the soft palate of primates (Hoffmann, ). The architecture of the CTP is various according to the types of the lingual papillae. Further, it is reported that the CTP of the lingual filiform papillae have substantial morphological variation not only among species but also among differing location on the tongue in the same species (Kobayashi et al. , 1987 (Kobayashi et al. , , 1989b (Kobayashi et al. , , 1989c Kobayashi and Iwasaki, 1989; Nagato et al., 1989) . Generally speaking, however, the CTP of the lingual papillae appear as conical or board-like projections. The CTP of the mouse palatal papillae extremely differed from those of any types of the lingual papillae, i.e., they consisted of the circumferential elliptical wall and the internal ridge. They are, if anything, somewhat similar to the horseshoe-shaped CIT of the filiform papillae in the posterior marginal region of the anterior tongue of Suncus murinus (Kobayashi et al., 1989b) . However, the horseshoe-shaped CTP of the Suncus filifoun papillae opened rostrally to show a distinct polarity and were devoid of the internal ridge. In this study, the circumferential elliptical wall appears to constitute the framework of the palatal papillae and to provide a stronger connection between the epithelium and the lamina propria by interdigitating with the basal surface of the epithelium. The internal ridge was semicircular or circular, and surrounded partly or completely a round depression. The round depression appears to be the structure dependent upon the taste bud situating on the free surface of the palatal papillae. In other words, the taste bud was maintained by the internal ridge. In a teleologic sense, the taste bud on the free surface of the palatal papillae is subjected to considerable mechanical stress in swallowing and, therefore, it is fit in the depression. In the large CTP, there were two depressions surrounded by the internal ridges, suggesting two taste buds were present.
At the bottom of the depression, there were many fenestrations rimmed circularly by the interlacing collagen fibrils. Suzuki and Takeda (1987) observed in the mouse lingual circumvallate papillae that the basement membrane underlying the taste bud was perforated by many fenestrations, and suggested that the fenestrations were the passageway of nerve fibers across the basement membrane. The fenestrations in this study appear to correspond to the pathway of the nerve fibers, which continue to the fenestrations in the basement membrane and enter the taste bud. However, there is no gainsaying the possibility that the fenestrations function as the passageway for the migrating cells.
Interpapillary area
The soft palate, of which the bony structure is absent, is involved in the intricate mechanism of swallowing. Therefore, the lamina propria in the soft palate is required not only mechanical resistance but flexibility. Further, Cleaton-Jones (1971, 1972, 1976) suggested in the rat soft palate that the variation of the epithelium was determined by the disposition of the underlying lamina propria. In this study, the collagen fibrils in the central region of the mouse soft palate did not collect into fibers but form a delicate fibrillar meshwork. On the contrary, in the lateral region the fibrils tended to concentrate into the parallel fibers running sagittally or obliquely. It is suggested that the delicate meshwork of the collagen fibrils in the central region is related to extension of the mucosa in swallowing, while the parallel fibers in the lateral region are involved in resisting the excessive stretching force.
Opening of glandular duct
The configuration of the collagen fibrils constituting the openings of the glandular ducts has not been studied. Although Kobayashi et al. (1988 Kobayashi et al. ( , 1989c observed the openings of the salivary glands in the cat and mouse tongue treated with HC1 at room temperature, the epithelium lining the ducts could not be removed by this treatment. Ohtani et al. (1988) reported that the primary dermal grooves of the human fingertip skin possessed regularly scattered tunnel-like structures for accomodating the ecrine sweat glands, but they observed only at low magnification.
Examination in the SEM at high magnifications in this study revealed the structural details of the collagen fibrils constituting the openings of the glandular ducts. Some collagen fibers ran concentrically along the rim of the opening. Thin collagen fibrils derived from such concentrical fibers, turned to the sagittal direction and then again concentrated into the sagittal fibers in the vicinity of the opening. It is suggested that the concentrical fibers provide the openings with a main framework that maintains the mechanical stability and acts as a device for the tight adhesion of the surrounding epithelium. On the other hand, the sagittal fibers in the vicinity of the openings may contribute to the mechanical reinforcement of the main framework, the concentrical fibers.
On the wall of the glandular duct, the collagen fibers were arranged almost parallel from the opening to the depth. It is suggested that the fibers play an important role in resisting the excessive extending forces of the ducts during secretion. The lamina propria surrounding the openings is slightly elevated to form the crater-like structure (arrows). x300. Fig. 11 . Higher magnification to show the collagen fibrils around the opening (0) of the glandular duct. The concentrical fibers (small arrows) rim the opening and then turn their direction to concentrate into the sagittal fibers (large arrows) in the vicinity of the opening. On the wall of the duct, the collagen fibers (arrowheads) descend into the depth. x3,000. Fig. 12. Higher magnification of figure 11 . Thin fibrils (arrowheads) derive from the concentrical fibers (small arrows), turn to the sagittal direction and concentrate into the sagittal fibers (large arrows) in the vicinity of the opening. x10,(X)0.
